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o r i g i n a l a r t i c l e
Prevalence and Predictors of Compliance with Discontinuation of
Airborne Isolation in Patients with Suspected
Pulmonary Tuberculosis
Benjamin S. Thomas, MD;1 Erlaine F. Bello, MD;2,3 Todd B. Seto, MD, MPH2,3,4
objective. Examine the use of airborne isolation by identifying reasons for nontimely discontinuation and predictors of compliance
with Centers for Disease Control and Prevention (CDC) guidelines. Compliance with guidelines should result in timely (within 48 hours)
discontinuation of isolation in patients without infectious pulmonary tuberculosis (TB).
design. Retrospective, observational study.
setting. A private, university-affiliated, tertiary-care medical center.
patients. All patients in airborne isolation for suspected pulmonary TB from June through December 2011.
method. Chart reviews were performed to identify airborne isolation practices and delayed (greater than 48 hours) or very delayed
(greater than 72 hours) discontinuation. We used descriptive statistics and logistic regression to determine independent predictors of
nontimely discontinuation of isolation.
results. We identified 113 patients (mean age  standard deviation, years; male sex, 75.2%; white race, 15.9%; mean59.8  17.7
collection interval  standard deviation, hours). Delayed and very delayed isolation discontinuation was noted in 81% and21.4  12.9
49% of patients, respectively. No significant differences in demographic characteristics and clinical characteristics were identified between
groups. Predictors of timely (within 48 hours) airborne isolation discontinuation included use of alternate diagnosis for discontinuation
of isolation ( ), early infectious diseases (ID) consultation ( ), pulmonary consultation ( ), average sputum collectionP p .02 P p .03 P p .02
interval less than 24 hours ( ), and need for more than 1 induced sputum specimen ( ). Adjusting for potential confounders,P p .03 P p .05
pulmonary consultation (odds ratio [OR] [95% confidence interval (CI)], 0.14 [0.03–0.58]), alternate diagnosis for discontinuation of
isolation (OR [95% CI], 4.5 [1.3–15.8]), and early ID consultation (OR [95% CI], 4.0 [1.1–14.8]) were independently associated with
timely discontinuation.
conclusions. Timely airborne isolation discontinuation occurs in only 18.6% of cases and is an opportunity for cost savings, improved
efficiency, and potentially patient safety and satisfaction.
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The incidence of tuberculosis (TB) is significantly higher in
Hawaii than in other parts of the United States. Data reported
by the Centers for Disease Control and Prevention (CDC)
for the state of Hawaii indicate a case rate of approximately
8.8 cases per 100,000 persons for 2010, more than double
the national rate of 3.6 cases per 100,000 persons.1
Prompt, appropriate triage is necessary in all settings but
is especially important in areas with a high prevalence of
pulmonary TB.2 Use of a highly sensitive, standard isolation
guideline can greatly enhance early detection of cases of pul-
monary TB and thus mitigate the risk to health care workers;
however, many patients will be unnecessarily isolated.
Physical isolation (whether it be contact, droplet, or air-
borne isolation) imposed on patients impacts their safety,3,4
satisfaction,3,5 and psychological wellbeing.6-8 Prompt discon-
tinuation of isolation once infectious pulmonary TB has been
ruled out is essential to minimizing these risks in addition
to limiting costs.
We conducted this study to examine the practice patterns
of airborne isolation use at a large, tertiary care medical cen-
ter. We sought to identify reasons for nontimely discontin-
uation of airborne isolation as well as predictors of compli-
ance to the CDC guidelines.
methods
The Queen’s Medical Center (Honolulu, Hawaii) is a 533-
bed university-affiliated, private tertiary care medical center
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that is a primary referral center for the Pacific Basin. We
identified all patients who were placed in airborne isolation
for TB from June 1 through December 31, 2011. Patients
were excluded if they were greater than 18 years of age or
died while under airborne isolation.
Demographic data, medical comorbidities, admitting di-
agnoses, clinical features at presentation, radiographic find-
ings, timing and method of collection of sputum specimens,
timing of infectious disease and pulmonology consultations
with respect to initiation of isolation, and total duration of
isolation for each patient were collected. The SafetySurveillor
Real-time Report (Premier) identified all specimens obtained
for acid-fast bacillus (AFB) smear.
Guideline compliance was defined according to the CDC
guidelines for removal of airborne isolation precautions.2 Air-
borne isolation should be removed if either (1) another di-
agnosis is made that explains the clinical syndrome or (2)
the patient has 3 consecutive negative sputum specimens (ob-
tained every 8 to 24 hours) with at least 1 specimen collected
in the early morning. Specimen collection may be obtained
by expectoration, induction with hypertonic saline, aspira-
tion, or bronchoscopic examination.
By following these guidelines, it is generally expected that
the total duration of airborne isolation should be less than
48 hours, allowing for delays related to test ordering and
processing of sputum samples. We assessed adherence at both
48 and 72 hours. Patients who were removed from isolation
in violation of the appropriate CDC protocol were classified
as noncompliant even if the total duration of isolation was
less than 48 hours.
We reviewed each non–guideline-compliant case and de-
termined the primary reason for lack of adherence or failure
to discontinue airborne isolation in a timely manner. “De-
layed action” was defined by slow turnaround time (more
than 12 hours) from reporting of the third AFB smear result
to the time information was acted on by the primary team.
“Early nontuberculous mycobacterium” (NTM) was defined
as the presence of a rapidly growing mycobacterium in spu-
tum culture 3 days or less from collection of the first sample.
“No sputum” was defined as an inability for the patient to
produce a sputum sample, despite induction using hypertonic
saline. “Bronchoscopy” was defined as a clear delay in dis-
continuation of airborne isolation due to performing bron-
choscopic examination. “Unclear” cases were ones that did
not fit into the above categories.
The impact of pulmonology and infectious diseases (ID)
consultations was assessed. “Early” consultation was defined
as 24 hours or less from when the order for airborne isolation
was placed to when the consultant logged his or her initial
note in the electronic medical record.
Statistical analyses were performed using STATA 8.0 sta-
tistical software. Categorical and continuous variables were
compared using the Pearson x2 test, Fisher exact test, or Stu-
dent t test as appropriate. Demographic and clinical variables
associated with timely discontinuation of airborne isolation
on univariate analysis at were considered potentialP ! .25
confounders and were included in a multivariable logistic
regression model to identify independent predictors of timely
discontinuation. Adjusted odd ratios (ORs) and 95% confi-
dence intervals (CIs) were computed. We used the variance
inflation factor to confirm the absence of significant collin-
earity among the dependent variables, and the Hosmer and
Lemeshow goodness-of-fit test was used to assess model fit.
All P values were 2 tailed; P values of less than .05 were
considered to indicate statistical significance.
results
Patients ( ) were placed in TB airborne isolation fromn p 115
June 1 to December 31, 2011. Two patients were excluded,
including 1 patient who died while under isolation and an-
other who was less than 18 years of age and was transferred
to another facility. Among a total of 113 subjects, 75.2% were
male. Their mean age ( standard deviation [SD]) was
years. Subjects were mostly Asian (54.9%) and59.8  17.7
Pacific Islander (26.5%). There were no statistically significant
differences in characteristics between the compliant and non-
compliant groups (Table 1).
The prevalences of diabetes, congestive heart failure, and
chronic lung disease (asthma, chronic bronchitis, chronic ob-
structive pulmonary disease, emphysema, and bronchiectasis)
were 25.7%, 16.8%, and 37.2%, respectively. Excluding skin
cancers, 8.0% of subjects were undergoing cancer treatment,
whereas 8.8% had previously treated cancer. Autoimmune
disease (2.7%), liver disease (4.4%), end-stage renal disease
(4.4%), human immunodeficienty virus infection (5.3%), and
previous NTM infection (4.4%) among patients with sus-
pected pulmonary TB were low.
Risk factors for exposure to TB were assessed. Being foreign
born (13.3%) and latent TB infection (9.7%) were the most
common, whereas previous pulmonary TB (6.2%), known
contact with a person with active TB (5.3%), prison (5.3%),
and homelessness (4.4%) accounted for the remaining risk
factors. No recognizable risk factor was identified in 62.8%.
Radiographic findings typical of TB, including infiltrates
or consolidations and/or cavities in the upper lungs, were
seen in 43.4% of subjects. Intensive care unit admission was
required for 16.8%, and 12.4% needed mechanical ventila-
tion. Hospitalists (84.1%) and residents (53.1%) were in-
volved in the care of most patients.
Among the 41.6% of patients placed under TB airborne
isolation with an ID consultant, 63.8% were considered early.
Similarly, pulmonology was consulted for 43.4% of patients,
and 51.0% were considered early.
A diagnosis of pulmonary TB was made for 2.7% of sub-
jects, and NTM were isolated from 15.9% of subjects. Overall,
8.0% died from their underlying condition.
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table 1. Baseline Characteristics of Patients Compliant and Noncompliant at
48 Hours after Initiation of Airborne Isolation
No. (%) of patients
Variable All Compliant Noncompliant P
Overall 113 (100) 21 (18.6) 92 (81.4)
Race
White 18 (15.9) 3 (14.3) 15 (16.3) 1.0
Japanese 17 (15.0) 2 (9.5) 15 (16.3) .74
Chinese 10 (8.8) 2 (9.5) 8 (8.7) 1.0
Filipino 28 (24.8) 5 (23.8) 23 (25.0) 1.0
Pacific Islander 30 (26.5) 7 (33.3) 23 (25.0) .42
Other 8 (7.1) 1 (4.8) 7 (7.6) 1.0
Diagnosis
Diabetes 29 (25.7) 5 (23.8) 24 (26.1) 1.0
Congestive heart failure 19 (16.8) 4 (19.0) 15 (16.3) .75
Lung disease 42 (37.2) 10 (47.6) 32 (34.8) .32
History of treated cancer 10 (8.8) 0 (0.0) 10 (10.9) .30
Currently treated cancer 9 (8.0) 1 (4.8) 8 (8.7) 1.0
Autoimmune disease 3 (2.7) 0 (0.0) 3 (3.3) 1.0
Liver disease 5 (4.4) 2 (9.5) 3 (3.3) .23
End-stage renal disease 5 (4.4) 1 (4.8) 4 (4.3) 1.0
HIV infection 6 (5.3) 1 (4.8) 5 (5.4) 1.0
History of NTM infection 5 (4.4) 2 (9.5) 3 (3.3) .23
Hospitalist service 95 (84.1) 18 (85.7) 77 (83.7) 1.0
Residents involved in care 60 (53.1) 13 (61.9) 47 (51.1) .47
Infectious disease consulted 47 (41.6) 10 (47.6) 37 (40.2) .63
Early (within 24 hours) 30 (63.8) 10 (100) 20 (54.1) .03
Pulmonology consulted 49 (43.4) 4 (19.0) 45 (48.9) .02
Early (within 24 hours) 25 (51.0) 4 (100) 21 (46.7) 1.0
Typical TB imaging 49 (43.4) 12 (57.1) 37 (40.2) .22
NTM isolated 18 (15.9) 2 (9.5) 16 (17.4) .52
Mechanical ventilation 14 (12.4) 1 (4.8) 13 (14.1) .46
ICU admission 19 (16.8) 2 (9.5) 17 (18.5) .52
Death 9 (8.0) 1 (4.8) 8 (8.7) 1.0
note. HIV, human immunodeficiency virus; ICU, intensive care unit; NTM,
nontuberculous mycobacteria; TB, tuberculosis.
Timing and Methods of Discontinuation of Isolation
Ninety-three subjects had at least 2 sputum samples collected,
with an average interval of hours in the compliant13.5  5.4
group and hours in the noncompliant group23.4  13.1
( ). Twenty patients do not have a calculable interval,P p .03
because only 1 specimen was obtained secondary to death,
bronchoscopic examination, or use of an alternate diagnosis.
Three negative expectorated AFB smears (57.5%) was the
most common reason for discontinuation of isolation, fol-
lowed by an alternate diagnosis to explain the clinical syn-
drome (20.4%). In some patients, it was necessary to obtain
specimens by means other than patient self-expectoration.
Specimens were obtained by aspiration when a patient re-
ceived mechanical ventilation (9.7%), induction with hyper-
tonic saline by respiratory therapy (2.7%), and bronchoscopic
examination (7.1%).
Guideline Compliance and Timely Discontinuation of
Isolation
Overall, guideline compliance was seen 95.6% of the time
with the failures ( ) due to collecting specimens at lessn p 5
than an 8-hour interval. Appropriately, patients who were
diagnosed with pulmonary TB remained in isolation through-
out their hospitalization ( ). Timely discontinuation ofn p 3
airborne isolation occurred in 18.6% of patients at 48 hours
and 51.3% of patients at 72 hours.
Independent Predictors of Timely Discontinuation and
Reasons for Delay
After adjusting for potential confounders (history of liver
disease, typical TB imaging, previous atypical TB, and im-
munocompromised state), the presence of an alternate di-
agnosis for the clinical syndrome and early ID consultation
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table 2. Independent Predictors of Timely Discontinuation among Patients
Isolated for Suspected Pulmonary Tuberculosis
Variable Adjusted OR 95% CI
Pulmonary consultation 0.14 0.03–0.58
Alternate diagnosis for discontinuation of isolation 4.5 1.3–15.8
Early infectious disease consultation 4.0 1.1–14.8
note. CI, confidence interval; OR, odds ratio.
figure 1. Pareto chart of reasons for nontimely discontinuation of airborne isolation. NTM, nontuberculous mycobacteria.
were independently associated with timely discontinuation,
whereas pulmonary consultation was associated with non-
timely discontinuation (Table 2). Delayed action was the main
reason for nontimely discontinuation of isolation (23.9%;
Figure 1). Patient inability to produce a sputum sample
(15.2%) was also a relatively common finding. In a majority
of cases (43.5%), the reason for the delayed discontinuation
was unclear.
discussion
The CDC TB guidelines were developed to standardize the
appropriate management of patients with suspected TB,
thereby preventing healthcare-associated outbreaks, curbing
delays in diagnosis and treatment, and averting the appear-
ance and transmission of multidrug-resistant TB strains.2
Much has been written about the implementation of algo-
rithms to appropriately identify and isolate high-risk patients
with suspected pulmonary TB and the examination of factors
that lead to delayed initiation of isolation9-14; however, there
are no previous studies to examine our efficiency in removing
patients from isolation appropriately. The issue is not only
one of resource utilization and cost, because airborne iso-
lation rooms are typically in short supply and high demand
at many hospitals, but evidence suggests that isolation leads
to problems with patient safety and patient satisfaction.4 Iso-
lated patients are less likely to receive the same level of nursing
care as nonisolated patients and are less likely to be examined
by physicians during rounds.15,16 Importantly, preventable ad-
verse events occur twice as frequently among isolated patients
compared with nonisolated patients.3
Our study highlights several important findings. Although
we do a fairly good job of following the guidelines to dis-
continue airborne isolation, there is certainly room for im-
provement, because 5 patients were removed from isolation,
violating the appropriate CDC protocol. Ultimately, none of
these patients had pulmonary TB; however, this represents
an unnecessary risk to other patients and to hospital per-
sonnel. Failures attributable to collecting specimens at less
than an 8-hour interval, some without an early-morning spu-
tum sample, represent both knowledge deficiencies and sys-
tems-based problems.
First and foremost, discontinuing airborne isolation at a
safe juncture should be the primary objective. Timeliness of
isolation discontinuation should be considered a secondary
target. An important finding in our study is the difficulty in
achieving timely discontinuation of isolation, with only 18.6%
of patients out of isolation at 48 hours and 51.3% at 72 hours.
A number of systems-related issues, such as communication,
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timing of rounds, and information turnaround time, con-
tribute to the delays. Not surprisingly, because of the retro-
spective nature of the study, identifying a clear reason for
delay was difficult in most cases. However, a slow response
from the time of reporting an AFB smear to an action by a
physician (ie, entering an order for discontinuing isolation)
represented the most frequent reason for a delay. Improved
communication of the results of AFB smears can occur on
multiple levels. Nursing staff may notice results and should
promptly notify the physician should an action need to be
taken. Physician and resident awareness of the known harms
from isolation may increase the motivation to get patients
out of isolation in a timely fashion. Additionally, with the
use of electronic medical records, best practice alerts could
be implemented to raise awareness; this could prompt an
action to be taken on a daily basis when patients are in
isolation.
The manner in which specimens are ordered and collected
contributed to delays in a number of instances. Computerized
order entry of daily AFB sputum specimens makes it very
difficult to collect an adequate number of specimens in a
timely fashion. Anecdotally, from personal query, very few
residents and hospitalists are aware of the fact that specimens
can be collected every 8 hours (with 1 early morning spec-
imen). Improved education in this area would greatly enhance
timely discontinuation of isolation.
The fact that ID physicians efficiently discontinued isola-
tion perhaps speaks to a better understanding of systems
issues and a better understanding of the guidelines. The find-
ing that an ID subspecialist does a better job of managing
their own disease-specific problems is in line with findings
from other studies.17,18 For unclear reasons, pulmonary con-
sultation was associated with a delay in airborne isolation
discontinuation (OR [95% CI], 0.14 [0.03–0.58]). One might
hypothesize that a pulmonologist may be more likely to rec-
ommend procedures, such as bronchoscopic examination,
which may result in delays because of timing and availability
of staff; however, we did not observe bronchoscopic exami-
nation as an independent predictor of nontimely discontin-
uation. This could be the result of our small sample size.
Although less common than contact isolation, the un-
questionably more isolated nature of airborne isolation
should be the focus of future work on patient safety and
satisfaction. Limitations include our single-center, retrospec-
tive, observational design and the quality of documentation
available to identify reasons for delay. Additionally, our study
was performed in a setting with a high case rate of TB; there-
fore, physicians’ may isolate for a longer time, because con-
cern regarding TB is at the forefront of physicians’ minds
when patients present with respiratory illnesses.
Despite limitations, our finding that timely airborne iso-
lation discontinuation occurs in only 18.6% of cases repre-
sents an opportunity for improved efficiency and, potentially,
improved patient satisfaction and safety. Increasing awareness
and standardizing protocols, as well as promptly securing an
alternative diagnosis to pulmonary TB and early ID consul-
tation, may improve timely CDC guideline adherence.
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